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En bloc resection of hepatocellular carcinoma and
the involved diaphragm will, towards the end of
operation, require evacuation of the pleural cavity,
usually with a chest drain. We describe our method
and experience of evacuating the pleural cavity, at
the time of diaphragmatic repair, with an infant
feeding catheter without the need of a chest drain.
We have found the method safe and efficacious.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common
malignancy worldwide [1, 2]. With better case
selection, more refined surgical technique [3, 4]
and optimal postoperative care [4, 5], the
previously high mortality and morbidity of
elective liver resection have given way to a
more acceptably low level with satisfactory
functional outcome. This, coupled with the
grave prognosis of inoperable disease [2], makes
hepatobiliary surgeons to adopt an aggressive
attitude towards the choice of treatment options
for hepatocellular carcinoma.
Local invasion of the diaphragm by HCC is
not uncommon [6-8]. Even with diaphragmatic
invasion there is still a good chance of cure if the
lesion is amenable to en bloc resection [6, 7]. We
present our experience of en bloc diaphragmatic
resection for HCC and repair of the diaphrag-
matic defect without the need of inserting a
chest tube.
MATERIALS AND METHODS
Through a bilateral subcostal incision with a
xiphoid extension, the falciform ligament is
divided and a Gray’s retractor (Stenning, Aus-
tralia) is placed for optimal exposure.
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The right liver is mobilized by dividing the
coronary and triangular ligaments. At the site
where the diaphragm is invaded by the HCC,
the diaphragm is circumferentially incised I cm
from the edge of the tumour. A minimum of
I cm rim of diaphragmatic tissue is left around
the tumour and the tumour together with the
attached diaphragmatic tissue is resected en bloc
with the right liver in the usual manner. After
ensuring that the hepatic transectional wound is
dry, the diaphragm is repaired and closed with a
single layer of continuous 1 nylon suture. One
end of a 3.5 Fr infant feeding catheter (38cm
long) is placed inside the pleural cavity through
the suture line and the other end of the catheter
is placed under water seal within a gallipot (Fig.
1). After the diaphragmatic suture has been
completed and just before the suture is tied, the
anaesthetist is requested to manually hyperin-
flate the lungs. While the anaesthetist is main-
taining full inflation, the suture is tied and
simultaneously the infant feeding catheter is
withdrawn by the assistant. A Robinson drain is
placed in the space previously occupied by the
right liver and the abdominal wound closed.
Postoperatively, the patient is nursed in the
intensive care unit. Chest X-ray is taken routi-
nely to assess the amount of residual pneumo-
thorax.
We have employed this technique in resecting
HCC with diaphragmatic involvement since
1989. The results were retrospectively reviewed.
RESULTS
From November 1989 to January 1996, 22
patients with hepatocellular carcinoma and
diaphragmatic invasion were operated. There
were 19 males and 3 females, with a mean age of
49.5 (SD 4-14.3). Liver resections performed are
shown in Table I. Twenty patients underwent
resection with curative intent whereas palliative
resection was performed for the remaining two
patients. All patients had the diaphragm re-
sected and repaired as described above.
None of these patients showed residual
pneumothorax or pleural effusion on an im-
mediate postoperative chest X-ray. Three
patients (14%) developed a significant post-
FIGURE Following en bloc resection of the right hepatic lobe and the diaphragm (D), the diaphragmatic defect is closed with
a single layer of continuous nylon suture. One end of the infant feeding catheter (black arrow) is within the pleural cavity.
[White arrow-suture line along the diaphragm; L resected surface of the left lobe of a cirrhotic liver].HCC WITH DIAPHRAGMATIC INVASION 73
TABLE Types of operation for the 22 patients
Operation performed Number (total 22)
Right hepatectomy
Extended right hepatectomy
Resection of one or two segments
Non-anatomical resection







operative right pleural effusion requiring inter-
vention. In 2 of these patients the effusion was
evident on a chest X-ray taken on day 7, whereas
in the third patient the effusion was detected on
day 11. In all 3 patients the effusion settled
rapidly after a single pleural tap. A continuous
chest drain was not required.
There were 3 deaths. One patient died of
multiorgan failure on day2 after reexploration
for postoperative bleeding from the hepatic
wound. The other 2 patients died from progres-
sive liver failure on day 10. The death of these 3
patients was not attributable to the diaphrag-
matic excision and mode of repair.
DISCUSSION
Local invasion of the diaphragm by hepatocel-
lular carcinoma is difficult to diagnose pre-
operatively. Preoperative ultrasonography,
computed tomography and hepatic angiography
are not helpful [6], and the only clue may be the
presence of a hump distorting the right hemi-
diaphragm on a plain chest radiograph [6].
Surgery is difficult in this situation because
the tumour usually involves the superior seg-
ments (segment VII and VIII) of the liver [9].
Moreover, the diaphragm is usually very vas-
cular as a result of tumour collaterals and
associated portal hypertension [7]. A trans-
diaphragmatic approach has been advocated
[8], but it has never gained popularity because
of the morbidity associated with a thoracotomy,
notably the respiratory complications [10].
When the pleural cavity is entered through the
diaphragm at operation, the conventional mana-
gement is insertion of a chest tube and repair of
the diaphragm. However, chest tube drainage is
not without complications [11-13] and certainly
a worsening pneumothorax can easily go un-
noticed should a chest drain become blocked or
kinked. In fact Stimpson et al., showed that entry
into the right pleural cavity followed by inter-
costal chest tube drainage incurred serious
respiratory morbidity even without a formal
thoracotomy [10].
Chest tube insertion is mandatory if a patient
has had any form of lung parenchymal surgery
or accidental lung injury at operations. If only
the pleural cavity is breached at operation, chest
tube insertion is not always necessary. We have
found it safe and efficacious to evacuate the
pleural cavity of our patients with intact lung
parenchyma by the method described. This
saves the patients from having a chest tube with
its attendant discomfort and potential complica-
tions.
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COMMENTARY
Merely performing a right hepatic lobectomy
without diaphragmatic involvement can result
in a right pleural effusion which may take
several days to make its presence known. This
was a regular occurrence in the days of thoraco-
abdominal incisions and therefore some autho-
rities routinely used chest tubes with these
incisions. Pleural effusions have become rela-
tively infrequent with bilateral subcostal inci-
sions and treatment in these cases by
thoracentesis is usually successful.
Pain and respiratory compromise are known
difficulties of chest tubes. Blocking and kinking
of the tubes are rare, if serious complications,
and any successful effort to avoid these pro-
blems should be welcomed.
However, in my experience, diaphragmatic
involvement by liver tumors is of serious
prognostic significance. Because symptoms can
be severe, especially intractable pain, I do not
fault the authors for performing an en bloc
dissection, but as there is no follow up, I cannot
but wonder about the long term outcome.
Nonetheless, pain can be reduced by diaphrag-
matic resection, and significant palliation can be
achieved. But a limited lifespan should not be
marred by continuing pain from a chest tube,
and Chung et al., have shown a way of
qualitatively improving the postoperative peri-
od in avoiding this step by intraoperatively
clearing supradiaphragmatic fluid.
Prof. W. John B. Hodgson, M. D.
Prof. W. J. B. Hodgson
Department of Surgery
The Brooklyn Hospital Centre
121 DeKalb Avenue
Brooklyn
New York 11201
USA